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This report inalosa a direot oomparison between the obserred 
and the oaloulated longitudinal dyoamio stability of a pEirtloular 
dynamic model of a flying boat iDOving on the nater. 

Good agreement nas obtained between experiment smd theory 
(using Glauert^s statement of the theory) for trim angles in the 
Ticinity of the lo'VTer limit, at one speed a littlo above the 
hunqp. The agreement is sfaonn in the following tabulation, -vdiioh 
gives the experimental and theoretioal values of th9 aerodyziamio 
oomponont of the pit oh -damping derivative required for 

stability at various trim angles, at the speed in question. 



Required Aerodynamio for Stability at Various 

Steady-Motion Trim Angles at One Speed 



St eady-4not ion 
trim angle 
(deg) 


Required aerodynamio 1^ 


Experiment 


Theory 


6.8 


-21.1 


.21.5 


6.4 


-17.6 


-16.2 


7.1 


-12.0 


-11.8 


8.5 


-5.8 


-5.5 


11.0 


-.6 


-2.0 
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Data are given in -an appendix from idiloh similar trials 
of the oorrespondenoe between experiment and theory might be 
made for trim angles in the Ticlnity of the upper limit at the 
same speed* emd for a higher speed. The oalculations have norb 
been completed for these oases, hotrerer, because it became 
apperont that the oaloulated stability could not be ezpootod 
to be as reliable for upper-limit trim angles as for loiTer- 
limit trim euigles, and because the theory had not particularly 
reoammonded itself in the initial trial* 

The theoretical method in its present form is laborious; 
it depends for its application upon experimental oonotants 
Tthich are not more easily determined than a direct experimental 
detemlnatlon of stability, end it has not yet shovm Itself 
capable of pointing out design trends tending to roduoe in- 
stability to any greater oxbont than the direct escperimental 
method. 

INTRODDCTIOfl 



Frevious attempts to determine the reliability of the 
classical method of calculating the longitudinal dimomio 
stability of flying boats moring on the \mter by oomparing 
obserred and calculated stabilities in spooifio cases haire 
generally siiffered from a lack of adequate data. This is 
particularly true of the TOrk described in reference 1 and 2, 
iriiero neither the obsorvod stability nor the test information 
required for the stablli-ty calculation ivas knovm to bettor 
than a first approximation for tho oasos in question. It is 
much less true of the work doBoribod in roforonce 3/ but on 
exact quantitative comparleon nas not attempted in that 
instance. 

The study hero considered Tias restricted to a particular 
dynamic model for ifaioh all throe of the neoosseury oamponentSf 
namely, 

the observed stabillly^ 

the basic l^drodynomic dorivativoa needed for 

tho calculation, and 
tho basic aorodjuamio derivatives necdod for 

the calculation, 

could be dotenoined irl'Ui sufficient exactness to insure a 
reliable comparison betneen experiment and theoiy. This 



s 



rostrlotlon elisdnates all queatlons regeiz^lng the relationship 
betwoen flying boat oad model in respect to form and partloulars, 
the oorrespondenoo of speed, applied moment, or pure scale effeots* 
It reduces the problem to comparing tvo results (obserred and 
'deilotil'atod) both' of '«Aii6H"aro based upon accurate dfitormlnationB 
for precisely the same combinations of modal, foroest and maments* 

The study nas fiurther rostrlotod to ono spood - both bocauso 
of the labor inrolTod in -t±e actual testing and computations 
necossary to deduce tho oalo\ilated stability, and bocause the 
study vas Intended primarily to bo exploratory. 

The model selocted ropresonts an actual flying boat In its 
original experimental form. Porpoising had boon ezperioncod in 
the full-size flying boat orer a range of spoods intormodlate 
botwoon tho hionp and tho got-amiy. In particular, tho following 
approximato Inf ormtion -nas supplied in advance by the manufao- 
.turorst 



The speed solooted for tho comparison vn&s about 48 miles per 
hour. (Soe p. 4.) 

Tho tests for observed stability vrero made by the mothod 
deirelopod at this Tank for experimental investigations of por- 
poising, in T.<hich prodctcrminod aorodynairiic foroos and moments, 
and tholr dorivativos, aro applied moohonically to a dynamic 
model of the hull alono. This mothod is doscribod in roferonoo 
4. Stoady-4notion tests to provide the nooossary data for oom^ 
puting tho hydrodynanlo derivatives -crore made by ordinary 
tcving-tonk mcithods. 

Tho particulars and specifications usod aro given on pages 
11 and 12, vdiioh shoir also tho aorodyoamic oharaoteri sties of 
the bydrofoll triiloh itas substltutod for tbo idng in the porpois- 
ing tosts* 

This invostigatlon, conducted at Stovens Institute of 
Technology, vas sponsorod by and ccnduotod with financial asslst- 
aaoo from the ITatlonal Advlsoiy Committoe for Aeronautics. 



Planing 

Porpoising 

Tako-off 



35 
43-62 
78 
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TESTS 



Forpolalng tests 'noro first mado to detormino tho stability 
limits for the entire range of spcods botneon tho hump and tho 
got-a'vmy. The results of those tosts aro shown in figxire 1, fron 
whloh it will bo soou that tho range of speeds vrithln triiioh tho 
lower limit lies aboTO the freo-to»trim track is in generally 
good agroemont 'with tho approxLinate range -within T^loh the 
builder reported porpoising in tho actual flying boat; it may 
thoroforo be inferred that tho actual porpoising was of tho 
lo\icr~limlt typo. The speed selootod for tho comparison of 
obsonrod and oaloulatcd Gtabilitios - 16e89 foot por second 
(oorresponding to - 4t50, or about 48 miles por hour in 

full sIeo) - lios within this rango* 

Tho neacb step -was to ezbond tho porpoising teats at the 
selootod speed to prorido a broador basis of obsorTod stability 
for comparison with the calculated stability. Tho principal ro« 
quiramcnt in this respoot was a wider range of values of tho 
aorodynamio pitoh-damping dorivtitivo 1^, Tho results^ oovoring 

vtxluos of from 0 to -80oO (tho latter valtw resulting in 

stability at tho lowost steady-motion trim angle considoredf 
5a8°)« are shown in figure 2« Tho values given correspond to 
tho aorodynamio applied by tho tail only. The total U 




prosont was greater by the amount contributed by the model hull 
Itsolf • A separate moasuromcnt of tho lattor, in air, gave -0*55» 

Finally, tho model i/as tostod in steady motion, at tho some 
speed by the ordiinry tw/lng tonic procedure, to dotormine the re- 
lationships in stoady mobion botwoon ■natcr-horno load, momont, 
heave, and trim, as a basis for doducing tho hydrodynomlo doriva- 

tlves needed in the stability' oaloulations. The results, covering 
fairly rdde ranges of tho variables, are shown in tho fern of a 
grid in figure 5. 



That which is hero referred to as tho "olassioal" method 
of calculating tho longitudinal dynamic stability of a flying 
boat moving on tho wator was first proposed by Perring and 
Glauert (reference 1).* This method r.Tay be said to Involvo two 
*Horoa£1:or roforrod to as Glaucrt. 




CALCUIATIQHS 
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OBsontlally aeparablo parts; 1) tho purely theorotloal eqtiatlonB 
of XDotlon loading to the oondltloas for stability, and 2) tho 
ovalmtlon of tho roqulrod derivativos* The first part Is straight- 
forward rigid dymndbs (vhich appllod samo'years ago to tho 
parallel problom of the stability of an airplane in flight) with 
Bomo rooonsldoratioa of the rolatlvo inqsortanoe of the various 
dorlvatlvos. The sooond port is inhorontly less sinplo than for 
tho airplane in flight beoauso the required dorlTativos represent 
tho Bismnatian of aerodyniualo and hydrodynojnio oanponents and* 
although tho aorodynondo oamponents follow tho load of tho older 
inothod« the hydrodjynamlo oompononts aro more troublosamo* 

The eight hydrodyuanio dorivatiTos ufaioh havo to bo con- 
sidorod znay Be groupod undor two hoadingst 

Displaoaincgt dorlvatiTes 

Z rate ohango-of A with rospoot to H* T oanstcnt, 
' por unit mass 

Zg ratq change of A -with respoot to T, E oonsrtant, 
per unit mass 

rato ohange of M with rospoot to H» t oonstant« 
por unit moniont of Inertia 

Ug rato ohango of M vith rospeot to t, H constant, 
por unit moment of Inertia 

Velocity derivativeis 

Z^ rato ohango of L vlth rospoot to q, por uait mass 

rate change of A irith rospeot to w. per unit mass 

U rate change of If vith rospeot to q, per unit mass 

q 

rato ohange of U with rospoot to ir, per unit mass 

Olauert derived tontativo algobraio exprossions fpr.all of 
those, lidth empirical constants, from stoady-^notion tost data on 
planing surfaoosa 

Later, Klomin, Piorson, and Storor (roforenoo 2)* and 
otfaors (in unpubllshod reports) notodi 1) that tho displaoemon't 



*Eoreaftor referred to as Klemln, 
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darivatlTos could bo doduood dirootly from a "gonoral" tank 
tost of tho hull J ond 2) that in Glauort's oxprossions tho 
voloolty dorlvatlTos Tforo dopondout on tho dlsplaoonont 
dorivatiTos. Thoy thoroforo substitutod tho oscporimontolly 
dotormlxiod dlsplaconont dorlvativoB - rotalning, in prlziolplo« 
Glauort's transformations to tho TXjloolty dorlvativos. 

Slnoo tho oaloulatlons oonsldorod In this roport iroro 
basod on dlsplaooinont dorivatlTos dotorminod from a "gonoral" 
tost, tho dctailod stops troro first oarriod through in accords 
onoo -vfith Elomin's oixalysls (rofcronoo 2). Subsoquontly, in 
oomparing Klomin's and Glauort's analyse Sj a dlfforonco ms 
notod in tho oscprossions for 'vdiioh, upon oxunination, 

■mxfl found to jrosult from a dlfforonco in tho definitions of Z j 
and Mt> (Soo p. 14.) Sinoo this difforcnoo ovidontly might 
affoot tho results materially, all necessary stops in tho 
oaloulatlons woro ropoatod using Glauort's analysis (roforonoo 1}« 
Both sots of results ore included here. 

Considering tho oaloulatlons in dotail: 

1. FIto stoady-motion trim angles -woro coTorod, ombraolng 
a range from ■well bolow tho loivor limit of stability to Trail 
above it. Figuro 4 is a ohart of all tho steady-motion oondl- 
tlons/ idiioh are spottod also on othor pertinent charts. Tho 
flTO trim angles oorrospondcd to siibstantially equal dlfferonoos 
of applied momont. 

2, Tho first step in carrying out the calculations was to 
determine tho hjrdrody:iairJ.c displacomont dcrivativos from tho 
steady-motion tost data. Thuee wore read from various cross 
plots of tho data shovm in tho gouv.Tal grid in figuro 3. Tho 
dorlTatlTos are shown in figuro 5 and in tho tabulation on 

page 15. 

S. Tho hydrodynojnio velocity dorlvativos woro thon com- 
puted, tho aoredynamio dorlvativos deduced in tho erdinary vjoy 
and, finally, tho resultant values of all dorlvativos added up 
and tabulated for ready rcforonco in oonq>uting Routh's dis- 
criminants. 



4» All computations are given in detail on pages 15-27, 
from vAiloh it will bo soon that throe valuos of the aerodynamic 
1^ wore oonsldorod, for both Elemin's and Glauort's analyses. 

Thece woro, rospootlvoly, 0, -4»S9 (the normal value accord- 
ing to tho table of particulars), and -20.0 (tho amount 
dotcrmlnod oxporlnontally as rtooossary to cause stablll'iy at 
T= 5,8°). 
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5. A aummary of all Roirtli*B dlBorimlnantB is g,±vaa on 
page 28. 

COMPARISOSr OF OBSERVED ASD CALCUIATED STABILITY 

A. Folloviog 1b a oomporlson of tho limiting trim angles 
for stability at fixed values of aa detormlnod 

1) from tho limit ounro in figure 2 in tho oaso of 
the ohsorvodf* 

2) by intorpolatlan from the Bumnary of Routh's dia- 
orlmluants on pago 28 in tho oaso of tho oaloulatod. 



Limiting Trim Angles for Stabllily at Fixod Damping 



Total aorodynomlo IS„ 



0 

-4. 59 
-20.0 



Limit lag trim ongj-e 



Obaoi^od** 



Caloiila+rd 



Jlenin. 



Glauort 



6.6 
6.0 



• Indotominate ' 
9.1 
7.4 



i 8.7 

I 

I 6.0 



Apart from th3 Ind&tormlnatc (and Inoonooquential) roault for 
Vq B 0, this oompariaon shows 

.1} a reasonably- sutlsf-xtory Qcnoral agrocm&nfc 
botnoon thoory and oxporlnonb, 

2} a decided pruforonoo for Glauort 'a analysis 
over that of Elomin. 



*Tho lindt curve on this figure la for a swoop of 0° in trim 
anglo for tho porpoising oyolo, as opposed to tho avoop 
of 2^ provloualy used on figure 1. 

«*Correoted for oonfcribution of modol hull to total aoro- 
dynomlo 1^. 
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B« Anotkor* and sosioi^iat moro adoqmte, proooduro Is to 
oosnparo tho limiting vnliios of IL. for stability at given 
valuoa of trim Instoad of tho limtlng trim anglos for stabil- 
ity- at f Ixod valuos of I^. 

Roqidrod Damping for Stability at GlTon Trim Anglos 



Stoady-motlon 
trim onglo 
(dos) 


Roqulrod aorodynamlo | 


Obsoxnrod* 


Caloulatod 


Eloinln 


Glauort 


6.8 


-21,1 


+ (T) 


-21.5 


6.4 


-17.6 


+ (?) 


-16.2 


7.1 


-12.0 


+ (?) 


-11.5 


8.3 


4.6.8 


-7.B 


-5.5 


11,0 


-.6 


-2.0 


-2.0 



In this form tho oomparlson omphasizoB muoh moro strongly 
tho good agroomont bot\TOon theory and oxporimont, provided that 
Gla\iort*s omlysls is onployod. It omphaslzoa also tho apparent 
inadoqmoy of Klomin's aiialysls; for tho throo lower trim 
anglos (soo p. 28) tho results by Kloniu's analysis indieato In- 
creasing Instability as tho damping is inoroasod, so that posl- 
tlvo M irould apparently bo ncoossory to cause stability. 



DiscnssiQir 

Tho dlfforonco botrroon Elemln>s and Glaucrt's analyses 
arising, as noted on page 6, through a dlffcronoo In the 
definitions of Zy and Mt> brings out clearly on ossontlal 
dlfflouliy xtiUh. tho nothod of calculr.tlon as it now stands. 
There is nothing in Elomin's aooount to indicate that ho pur- 
posely departed from Glauort'a analysis. Whothor tho departure 
-vAXs intentional or aocldental is of small momont booauso. In 
fact, Glauert's dofinitions of and Iff cannot easily bo 

shovm to bo fundamentally moro oorrcot than Klomin's; both 

♦C orrootod for contribution of modol hull to total aerodynamic 
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oro approzljnatlonB opon to some quostloa. Eenao« tho faot 
that Glauort'B dofinltlonB -noro moro suooosaful in the prosont 
llmltod Instonoo oozmot bo givon too muoh trolj^t. 

Tho follonlng symbol a aro usedt 
Btatlo dlsplaoomoiibf pounds 
Zg L load on tho nator, pouncla 

6 « T trim angloj onglo hotwoon f orobody koel and undlsturbod 
mitor Burfaoo 

H hoavo of ooubor of gravity, roforrod to static dlsplaoo- 

mont and goro trim« foot ' 

K holght of oontor of graviiy abo70 froo mtor Burflaoo« foot 

U appllod nomont, pound-foot 

m nasB in -vortioal oaoillatlon, slugs (oorroaponding to 
statio dlsplaooniont) 

Ip pltohing momcut of inertia about contor of gravity, 
slug-foot square 

V fomard volooity of modol, foot por sooond 

w vortloal volooity of nodolf foot por sooond 

q angular velocity of inodol« radians por sooond 

p holght of oontor of gravity abovo koel at main stop* foot 

r distonoo of oontor of gravity fomard of mln stopt foot 

t draft of kool at main stop bolonr froo -nator surfaoo* foot 

Hq roslstanoo in steady motion, pounds 

Soo also flguro 6. 

Stovens Inatltubo of Toohnology« 

Hobokont N* J.« August 1941. 
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FAHTIOULABS 

Zha follovlng particulars vere used: 

Jmi-Ptie - Model 

Drawing (See fig. 7) 

SteTens Model Vo 294~9 

Scale 1 1/20 

DlmeBilQUB 



Beam at main step, in. ... . . 


. . . 108 


6.10 


Angle 'between tore'bod.y keel 










0 


Angle "between after'bod7 keel 










7.5 


Height of stain stop at keel, 










0.20 


Oentar of gravity forward of 










3 .55 


Center of gravity above base 










5.62 




40.000 


5.00 




(sea water) 


(freah water) 


Load coefficient, C^(eea water) 


1.02 




Moment of inertia in pitch, 






BlUg-f t® . 


. LeiSxiO** 




lb In.* . 


. 8.40X10« 


262 


Vlng epan, ft . . 


118 


5.90 



Vlng area, S, eq ft \ • • 1405 3.51 

Mean aerodynamic chord (M.A.C.), 

in 154 7.70 

Aepeot ratio (geometric) 9.91 9.91 

Horizontal tall area, ^4 ft 216 0.641 

Blevator area, eq. ft 63.6 0.159 

DlBtance« center of gravity to 

36 percent M.A.C. horizontal 

tail (tail length), ft .... . 43.8 2.19 
Thrust l.lne, above base line at 

main step, in 172.8 8.64 

Thrust line, inclined upward to 

base line, deg 1.0 1.0 



Note - TSo allowances made for difference between fresh and 
sea water densities. 
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Batios. fpil-»l»e 
nodal 










U.U72 

20 


ft 




iKX) 






0,000 










▲erodamanlc cfaaracterlBtjLcs 


1U.1 size 


Model 


Ol, at T a (relatlvB to base line). 


• 1«337 


1-337 




. 2.235 V 


5.59 X 10-'vb° 




. 0.0975 


0.0975 


dL/d T CHZ/A-Q). Ib/daff 


. 0.163 


0.»W7 X 10"'t^8 


SL/Att (A7./ Ait's Th nmn/-P* f^L v i.'N 

Noa ▼/ 


. 0.163 Vg 


0.1K)7 X 10" 




. 0.0229 


0.0229 


dMo.g7dT i6H/±Q), lb ft/deg (ar.) . . 


. 0.^1 T-8 


O.61I4. X 10""*T_a 




. 2500 


1.562 X 10^"-% 






0.333 X 10-«T„ 




. 93-6 


4.69 


dM/dq -f (dM/dir}/tall len^, l/rad 


2.lU 


2.14 


^rdrofoll characteristics 
























dL/da , Ib/iBg (av», fk-esh water) 




0.320 X 10~\^B 


da/dT 




1.27 


dL/dT (dZ/de) (s dL/da x do/dr) . Ib/deg 




0.U06 X 10" '▼ns 


dL/dw (dZ/dv) . lb sec/ft (= + asparatus^ 

\ da T / 


0.1|06 X KTVn 



VOHMAL 8IAXXMBHT QT GALCULATIOVS 
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1. Tor Btciblll'fy, Boatli'a dlscximliiant and JL, B, 0, D, and S mast Ta» poi 

ItlTB. 



lAiera 



a = B p D - i d" - b" 1 

B B Boath' 8 dlscrlmliuait 

A B 1 

B s - (Zy + IC^) 

0 a - (Zb + Kg - ZhK^ + Z^) 



2. BerlvatlTeB In "baBlo foxm 
Aerodamanle 

DlgJ-aoemant derivatives 



gydrodynamle 



2^ predetermined 



'Zg from test data 

1 Zr S + Zt H (reference l) 
Zg from test data< . 

W a5 + TS (ref eraoce 2) 



^Sdl 



Mg predetermined 
Velocity derivatives 

Z^ negLlglble 

My negligible 
Kg predetexmlned 



Kg from teat data 
Kg from test data^ 



Itp U + Ht ^ (reference l) 
»r ^ + ^ (reference 2) 



^ dw 



Z dZ du 8Z dw 

<1 " du dq dv dq. 

dT 

„ dM du dK dw 

^ da dq. dv dq 



Vote - T and 6 are the same angle. T Is used here to Indicate a less 

complete dwlvatlve. In the oaleolatlons (p« 15) T Is used for 
the trim aiagLB In degrees: 6 for the same angle In radians. 



Dlaplao«Biegfc flerlvatlTee 

Zq predetemlnad 

Mq predaternlzied 
Velocity derl-yatlvea 

2ir ■ ^ 



Mq predetemlned 



gydrodynamio 

Z| from test data 
Zg from test data 
from test data 
Mg from test data 

^ Ze - z» (- P e + »• - 1) Hef . (1) 

J Zq - (- p e + r) Ref. (2) 

Zq - -—ft (p - l» - e) - Z^ (p e + Cp - r3 ) 
: i Mg - M, (- p 0 + r - |) Hef. (l) 

[i Mg - II, (- p e + r) Ref. (2) 

Hq-4^(p-L»-i3e)-z„(pe + \>.r3 ) 



Mfferenoe between Zr and My In References (l) and (2) 



Reference {1) 
(Olauert) 




t ■Const. 

taConst. 



Referenee 
(KlflDin) 




Mr- 



■Const. 
■Const. 
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^m^^^^m^B^^^gjra^^^^^^I^ (See tig. 39) 

Model Wo. 294-9 
1^ - 16.89 f.p.B* 



;l dec. 6.8 6.4 7.1 8.3 11.0 

llo lb.ffc. 40.612 +0.271 40.031 -0.202 -0.412 

Z, -305.0 -320.0 -346*0 -406.0 -614.0 

Zg -234.0 -221.0 -208.0 -190.0 -162.0 

Ms +632 +430 +316 +144 -149 

"e - (yf Lk ^ TS « x 17.68 - 84.4 X 

Mg -72.9 -65.0 -59.9 -59.9 -166 

CALCTHATIOW OF VELOCITY PramTIVEg ACCOimiWG TO KLEHnr. H EF K R It imB (2) 

Model Wo. 294-9 
- 15.89 f .p.S* 



- p e 
I- p e ♦ r] 



^ - k 


(Ze - z, t - 


p e + rl) 






p . . 0.468 




0.296 




+0.101 
-0,047 
+0.249 

Dlff. -156.1 


+0.112 
-0.052 
+0.244 

-221.0 
-76.1 
-142.9 


40.124 
-0.058 
+0.2S8 

-208.0 
-82.3 


+0.145 
-0.068 
+0.228 

-180.0 ' 
-92»6 

"=57:? 


40.192 
-0.090 
+0.206 

-162.0 
-126.5 
-3S.B 


-9.95 


-8.99 


-7.91 


-6.13 


-2«28 
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(Continued) 

7 deg. 6.8 6.4 7.1 8.S 11.0 

Mo -72.9 -65.0 -69.9 -59.9 -166 

HkT - D 9 + r| +1S2.0 +105.0 +7S.2 +S2.8 -50.7 

Wff. =250 ^TTO ^TOIT "=5?^ -ISjB.S 

M -12.89 -10.70 -8.5D -5.85 -8.61 



Calculation of Center of Pk-essure Position 



Ho " - Zo (P 9 + [a - r]) + Hq (p - [ a - r] 6) 



- Zo - "o 8 



A ■ Zq, lbs. 
Ho« lbs* 

(Zo P a) 

(^0 p) 

- Zo 
- (Ho 9) 



(a) 



(b) 



-3.61 
-0.57 

•»0.S12 
-0.165 

-0.267 

+3.51 
+0.056 
+3.£ 



-3.45 ' 
-0.55 

+0.271 
-0.179 
+0.092 
-0.2S7 

+5.46 

+0.062 

+3.512 




iB - rl - (a)/(b) 



2 Z 



(Hajc6.i4)(p - Is ' r^B) -1.283 
^ Z„ -9.95 
(p 6 + Is - r]) +0.219 
- Z^r (p 0 + [s - r] ) +2.179 

Zn +0.696 



2 Z, 

V 



+0.172 +0.0994 +0.0259 

(p - l« - rl e) - (p © + [■ - 



-3.25 
-0.65 

-0.202 
-0.221 
-0.4Z3 
- 0.248 
^OW 

+3.26 

+0.077 

+3.527 

-0.0526 
rl ) 



B X fi.44 
(p - l3 - r-JO) 



-2.845 
+0.461 



-2.97 
-0.60 

-0.412 
-0.Z67 

-0.281 

+2.97 

+0.116 

+3.085 

-0.1287 



-2.797 


-e.732 


-2.634 


-2.407 


+0.457 


+0.465 


+0.476 


+0.496 


-1.278 


-1.270 


-1.254 


-1.187 


-8.99 


-7.91 


-6.13 


-2.23 


+0.151 


+0.084 


+0.015 


-0.039 


+1.357 


+0.664 


+0.092 


-0.087 


+0.079 


-0.606 


-1.162 


-1.274 
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T deg. 




5.8 


6.U 


7-1 «-3 


11.0 






- r]e) - 


Kv (p e 


+ [B - Pie) 




X I7.6g 




+1.139 


+0.603 


•I0.069 -0.V19 


-0.917 


r^x 17.68) & 


- [8 - r] e) 


♦.51^ 


+.276 


+ .032 -.211* 


-.1I52 








-j.0.70 


-4;.^ -^.83 


-7.89 


- (p e + [B - 


r]) 


+2.823 


•I-1.616 


+.71U —087 


-.308 








+1.892 


+.7^ -.301 


-,760 



jkerodamamlc SerlvatlTBs 



ze = ^ ^ 57.3 X 6.m -37.92 

»*e » ^ ^ 57.3 X 17.68 -15.71 

^ Ze -2.386 
= ^ X 17.68 -Jk388 



GO 





9 dsg. 


5 


.8 




A0ro 




T. 




0.0 


-805 


-305 


h 


-37.92 


-284 


-271.9 




-2.386 




-12.34 


\ 


0.0 


+0.896 


+0.696 


M 

B 


0.0 


+532 


+532 




-15.71 


-72.9 


-88.6 




0.0 


-12.89 


-12.89 


\ 


-4.588 


+3.5S7 


-1.051 



SUMMARY OF DERIVATI7ES 







(klemin) 






6.4 




7.1 


I^ydro 


r 




r 


-820 


.i420 


-546 


-846 


-221 


-268.9 


-208 


-245.9 


-8.99 


-11.88 


-7.91 


-10.50 


+0.079 


+0.079 


+0.606 


-0.606 


+430 


+430 


+316 


+316 


-65.0 


-80.7 


-59.9 


-75.6 


-10.70 


-10.70 


-8.50 


-8.50 


+1.892 


-2.496 


+0.746 


-3.642 





8.5 




11.0 




T. 


^ydro 


Z. 


-406 


-406 


-614 


-614 


-190 


-227.9 


-162 


-199.9 


-6.15 


-8.516 


-2.28 


-4.616 


-1.162 


-1.162 


-1.274 


-1.274 


+144 


+144 


-U9 


-149 


-59 s9 


-75.6 


-166 


-181.7 


-5.83 


-5.85 


-7.89 


-7.89 


-0.301 


-4.689 


-0.760 


-5.148 



OJLLOULATIOff OT BOTTIE OISOBIMIHAHX 
Design iArodamavlc Kg^ » •^{■.388 



T des 


5.« 


6.1^ 


7.1 


8.3 


11.0 


JL 


+1 


+1 


+1 


+1 


+1 


B 


-12. 
-1.051 

+13.391 


-11.^8 
-2.496 

+13.876 


-10.30 

-3.6^ 
+13*9^ 


-8.516 
-4.689 
+13.205 


Jl(.6l6 
-5.1U8 

+9.76»t 


k 

0 


-305 ^ 
-88.6 

-13.0 
+418.1 


-320 
-8O.7 
—0.8 
-28.4 

+M29.9 


-3»»6 
-75.6 
+^.2 

-37.5 
+^3.9 


-1)06 
-75.6 

+ba8 

-39.9 
451U.7 


-6l4 

-I8I.7 
+10.1 
-23.8 

+809.4 


-Zq^ Kg 

D 


+320 

■^77 
+1093 
-3505 
-2569 


+799 
-3»t 

■f^ie 
-2770 

-1087 


+1260 
+191 

+779 
-2090 

+l4o 


+1904 
+167 

+6U4 
-1329 
+1386 


+3161 
-190 
+839 
-1577 
+2233 


z« Me 

a 


+27,020 
+IW.650 

+171,670 


+25,820 
+111.330 
+137.150 


+26,160 
+77.700 

+103.860 


+30,690 
+32,820 

+63.510 


+111,560 
-29,790 

+81,770 


BOD 
-B?B 


-1^.383.000 
-6,599.800 
-30,78U-.000 


-6.1484,000 
-1,182,000 
-26,1107.000 


+885.960 
-19 1600 
-80,188,000 


+9.U24.OOO 
-1.921,000 
-11,074,000 


+17»647,00O 
-4,986,000 
-7.796,000 


H (10* x) 


-51.77 


-3U.O7 


■J.9.32 


-3.57 


+4.87 
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CALOTIAnOF OF RQDTlf PlSCHIMIllMrr 
(KLEMOr) 
AMrodyaamlo ■ 0 



9 <i«E* 


5*8 


6.4 


7.1 


8.8 


ii.o 


* 

A 


+1 


+1 


+1 


+1 


+1 






— IX.Oo 


—10.00 


— o.oxo 


^•olo 


H 


+ 3,557 


+ 1.892 


+0.746 


- 0.301 


-0.760 


3 


* 9.00 


+ 9.488 


+ 9.554 


+8.617 


+5.876 


z> 


-805 


-820 


-346 


-406 


-614 


Ke 


- BB.6 


- 60.7 


- 75.6 


- 75.6 


-181.7 




- 11.5 


- 0,8 


+ 5.2 


+ 6.8 


+ 10.1 




+ 41.2 


+ 21.53 


+ 7.6SS 


- 2.563 


- 3.6 




•(■865 .9 


+^9,97 


+408.72 


♦477.86 


+789.1 




-1018 


-605 


-258 


+122 


+466.6 


- Zq M. 


- 477 


- 34 


+191 


+167 


-190 




+1098 


+918 


+779 


+644 


+859 




-8606 


-E770 


-2090 


-1829 


-1577 


D 


-8907 


-2491 


-1578 


- 896 


-461.4 




+27020 


+25820 


+26160 


+30690 


+111560 




+144660 


+111580 


+77700 


+82820 


- 29790 ' 


B 


+171670 


+187150 


+106860 


+68510 


+ 81770 


BCD 


-12,796,000 


-8,9B0,U00 


-5,381,000 


-1,667,000 


-1,964,000 




-15,265,000 


-6,205,000 


-1,899,000 


- 157,000 


- 223,000 


-B2E 


-13,905,000 


-12.847,000 


-9,480,000 


- 494.000 


- 509.000 


R (lOfl x) 


-41.97 


-27.63 


-16.76 


-2.32 


-2,69 
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CALCUIATigw OF 80DIH PI30RIlgKMIT 
(KLEMIK) 
Aorodyxuunlo Ifg ■ ■20.0 



3 dac. 


fi.8 

SCO 


O.* 


7.1 






A 


+1 


♦1 


+1 


+1 


+1 






-11.88 


-10.30 


-8.516 


-4.616 


>^ 


-16.66 


-18.11 


-19.25 


-20.301 


-20.76 


B 


+30.00 


+28.49 


+29.65 


+28.817 


+26.576 


Z- 




— ofiU 


— OvO 




— OX4 




- 86.6 


- 80.7 


- 75.6 


- 75.6 


-181.7 




- 11.6 


- 0.8 


+ 5.2 


+ 6.8 


+ 10.1 




-205.6 


-206.1 


-198.3 


-172.9 


- 95*8 


G 


•i-eio.? 


+607.6 


+614.7 


+647.7 


+681 a 


2e Hi 


1-60B1 


+S798 


+6661 


+8242 


+12746 


-Zq Ml 


- 477 


- 54 


+ 191 


+ 167 


- 190 




+1093 


+ 918 


+ 779 


+ 644 


+ 839 




-5505 


-2770 


-2090 


-1329 


- 1577 


D 


+2192 


+3909 


+5541 


+7724 


+11818 




+27020 


+25820 


+26160 


+30690 


+111660 


-zeMs 


+144650 


+111330 


+77700 


+32820 


- 28790 


B 


+171670 


+137150 


+103860 


+63610 


81770 



BOO +40,160,000 +70,042,000+100,650,000 +144,166,000+264,326,000 

«AD2 - 4,805,000 -15,280,000 - 30,703,000 - 59,660,000-139,665,000 

•B^K ..164.603,000-119,274,000 - 90.691,000 - 52,740,000 ■ 52^655,000 



R (lO^x) -119.15 -64.51 



-20.74 



+31.77 



+72.01 
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CALCULATiaW OF YBLOCITY WRITATIVES ACC0RDIN9 TO GlATlgRT, EEFEREMCE ^) 

Model Ko. 294-9 
■ 15.89 f.p.8. 

(DlBplaoemnt^ dsrlvativeB saae aa before) 



7 deg. 

e 

-pe + r - ye 
z,[- pe « r -ye] 



Y " 15.89 f.p.B, 



M, t-pe + r - ye] 

Diff. 
▼ - 15.89 f.p.B. . 

11 



2 X 6.44 

T 

(p -[e-r] 9) 

2 Zo X 6.44 , - 

2- (p-L"-r]e) 

Z_ 

(Je + ta-rl ) 
-Z^ (pe +l«-rl ) 

2 Sum of Produots 
4 



1 > 0.468 




r > 0.296 






6.8 


6.4 


7.1 


8.3 


11.0 


•i-O.lOl 


+0.112 


+0.124 


+0.145 


+0.192 


+0.0858 


+0.0808 


+0.0747 


+0.0669 


+0,054o 


+0.850 


+0.721 


+U.OU£ 


+U.40X 


+U.604 


+0.0478 


+0.0524 


+0.0580 


+0.0679 


+0.0899 


-0.601 


-0.477 


-0.564 


-0.253 


-0.078 


-2S4 


-221 


-208 


-190 


-162 


+16S .S 


+162 c 6 


+125.9 


+ 94,6 


+ 47.9 


-417.S 


-875.6 


-883.9 


-284.6 


-209.9 


-26.26 


-23.51 


-21.01 


-17.91 


-13.21 


»Sr ■ 7 (Me - M, l-pe 


+ r - Vel) 






-72.9 


-65.0 


-59.9 


-59.9 


-166 


-519.7 


-205.1 


-115.0 


-33.6 


+ 11.6 


+246.8 


+140.1 


+ 55.1 


-26.3 


-177.6 


+15.53 


+8.82 


+5.47 


-1.66 


-11 .18 


^ (P- [■-» 


r] e) - (p e + [e-r] ) 




-2.845 


-2.797 


-2.732 


-2.634 


-2.407 


+0.4506 


+ 0.4569 


+ 0.4648 


+0.4756 


+ 0b4927 


-1.282 


-1.278 


-1.270 


-1.253 


-1.186 


-26.26 


-23.51 


-21 .01 


-17.91 


-13.21 


+ 0.2195 


+ 0.1518 


+ 0.0859 


+ 0.0153 


- 0.0388 


+ 5.759 


+ 3.569 


* 1,763 


+ 0.274 


- 0.513 


♦ 4.477 


+2.291 


+ 0.498 


- 0.979 


- 1.699 



as 

T deg. 5.8 6.U 7.1 8*3 U«0 

■ ^ (p « [■ - p] e) - Kw (pe + [a - r] ) 

X 17.68 +1.139 +0.6030 +0,069 -0,¥*95 -0.9167 

^ X 1.68 (p - [s - r] e ) H-.513 +.276 +.032 ^,Slh 

Nw +15*53 +6«88 +3>U7 "4.66 "11,18 

K„ (p e + [8 •« r]) +3«U06 +1.339 -<«089 ^•^3 



cLjiff, of pro4vLo1»B -8,89 -1«06 -^^^ "tl89 -•888 

89 S 57.3 X -37.98 

Me = 1^ X 57*3 X 17,68 -15.71 

2L izg -2.386 
■w 



1^ 



"3 deg. 5.8 





Aero 


Qjrdro 


i: 




0.0 


-306 


-306 


h 


-37.92 


-254 


-271.9 




-2.886 


-26.26 


-28.65 




0.0 


+4.477 


+4,477 




0.0 


+532 


+532 




-15.71 


-72.9 


-88.6 


H 
V 


0.0 


■115.53 


+1B.6S 




-4.388 


-2.89 


-7.278 



8V1MARY GP DERIVATIVES 





R 4 


(GIAUERr) 


9 1 

T .X 








Mm. 


— 06U 






— 


-Ssel 


Q CO A 
-£30.9 


-ZQo 


-849.9 


-28.51 


-25.00 


-21.01 


-23.40 


+2.291 


+2.291 


+0.495 


+0.493 


+480 


+480 


+316 


+316 


-65.0 


-80.7 


-59.9 


-75.6 


+8.82 


+8.82 


+3.47 


+3.47 


-1.06 


-5.448 


-0.259 


-4.647 





8.5 




11.0 


Hydro 


T. 


^ydro 




-406 


-406 


-614 


-614 


-190 


-227.9 


-162 


-199.9 


-17.91 


-20.80 


-18.21 


-16.60 


-0.979 


-0.979 


-1.699 


-1.699 


+144 


+144 


-140 


-149 

1 


-59.9 


-75.6 


-166 


-181.7 


-1.66 


-1.66 


-11.18 


-11.18 


-0.189 


-4.577 


-0.882 


-5.270 
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GALCUIATXOH OF ROUTH DISCRXMXS&HT 



■'Dm^iga A«ro4sriiamlo 1^ 



k*S88 



3 d«g. 


6.8 




6.4 


7.1 


8.3 


11.0 


A 


•*■! 




+1 


+1 


+1 


+1 




-28«65 
- 7,276 




-26.90 
- 5.448 


-28.40 
- 4.S47 


-20.30 
-4.577 


-16.60 
- 5.27 


B 


+55.98 




+81.85 


+28.05 


+24.88 


+20.87 




-305 
- 88.6 
+ 69.63 
-208.5 




-520 
-80.7 

+ 20.21 
-141.1 


-346 
- 75.6 
+ 1.71 
-108.7 


-406 

- 76.6 
+ 1.63 

- 92.9 


-614 
-181,7 
+ 19. 0« 
- 82.2 


n 

w 


+532.6 




+621.6 


+528.6 


+672.9 


+858,9 




+2219.8 
-2881.8 

+2538.4 
+4222.6 




+1743,3 
- 985,1 
+2090.1 
+2288.5 


+1607.9 
- 156.8 
+1769.0 
+ 855.8 


+1BS8.3 
+ 141.0 
+1634.7 
- 378.5 


+3255.8 
- 263.2 
+2834.5 
-2234.9 


D 


+6599.0 




+5182.0 


+4074.0 


+3156.0 


+3682.2 




+ 27028 
+144651 




+ 26824 
+111327 


+ 26158 
+ 77704 


+ 30694 
+ 32818 


+111564 
- 29786 


E 


+171670 




+137150 


+10B860 


+ 63512 


+ 81760 


+BCD 


+126«278,000 


+83 


,919,000 


+60,406,000 


+44,985,000 


+64,212,000 




- 43,547,000 


-26 


,887,000 


-16,897,000 


,- 9,960,000 


-12,832,000 


-Bh 


-221,626,000 


-134 


.794.000 


-81,717,000 


-59,315.000 


-36,620,000 


B (10® ; 


x) -138.90 




-77.21 


-87.91 


-4.29 


+15.76 
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CALCUlAflON OF ROUTH DISCRIMIimiT 
(GUUEBT) ' 
Aerod/namlo M " 0 



3 


deg. 


6.8 


6.4 


7.1 


.8.5 


11.0 


A 




+1 


+1 


+1 


♦1 


+1 






••Z8.65 
- 2.89 


-25.90 
- 1.06 


-25.40 
-0.259 


-20.30 
- 0.189 


-15.60 
- 0.88 


B 


+31.54 


+26.96 


+29.66 


4i20.49 


+16.48 




<\ 


-305, 

- 88.6 
+ 69.55 

- 82.8 


-320. 

- 80.7 
+ 20.2 

- 27.5 


-346. 

- 75.6 
+ 1.7 

- 5.9 


-406. 

- 75.6 
+ 1.6 

- 8.8 


-614. 
-181.7 
+ 19.0 
- 15.7 


C 


+406.9 


+408.0 


+42d.0 


+483.8 


+790.4 






+881.6 
-2581.8 
+2538.4 
+4222.6 


+3S9.2 
-985.1 
+2090.1 
+2263.5 


+ 89.6 
-155.8 
+1769.0 
+ 853.3 


+ 76.7 
+141.0 
+1534.7 
- 378.3 


+540.2 
-253.2 
+2834.5 
-2234.9 


D 


+5260,7 


+3727.7 


+2556.1 


+1374.1 


+ 886.7 






+ 27023 
+144651 


+ 25824 
+111327 


+ 26158 
+ 77704 


+ 30694 
+ 32818 


+111564 
- 29785 


B 


+171670 


+137150 


+103860 


+ 63512 


+ 81760 



+BCD +67,514,000+40,995,000 +25,763,000 +15,622,000+11,550,000 

-Ad2 -27,675,000-15,896,000 - 6,554,000 - 1,888.000 - 786,000 

-B^E -170,772,000 .^9.686,000 -56,140,000 -26,665,000-22,211,000 

R (10^ x) -130.95 -72.59 -38.91 -14.95 -11.45 
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CALCUIATIOW OF ROUTH PISCRIMimilT 

(GLAUERT) 
Aerodyxumdo VL ■ -20«0 



7 d«g» 

A 

t 

B 
C 



5.8 

+1 

-28.65 
-82.89 

+51 .S« 

-505.0 
- 88.6 
+ 89.68 
-665.8 

♦aw.fl 

4-S981.5 
-2381.8 
+2538.4 
+4222.6 



6.4 

+1 

-26.90 
-21.06 

+46.96 

-320.0 
- 80.7 
+ 20.2 
-645.5 
+Wg.fl 

+6739.2 
- 985.1 
+2090.1 
+2288.5 



7.1 

+1 
-25.40 

-ao.26 

+43.66 

-846.0 
- 78.6 
+ 1.7 
-474.1 

+dM.d 

47010.0 
- 155.8 
+1769.0 
+ 865.3 



8«8 

+1 

-20.30 
-20.19 

+40^9 

-406.0 
- 75.6 
+ 1.6 
-409.9 
+SU.9 

+8197.1 
+ 141.0 
+1584.7 
- 378.3 

.5 



11.0 

♦1 

-15.60 
-20.68 

+86.48 

-614.0 
-181.7 
+ 19.0 
-825.7 

+1162.4 

+12820.0 
- 255.2 
+2854.5 
»2254.9 

+13166.4 

+ 111664 
- 29785 
+ 81780 



D +11360.7 +10127.7 +9476.S +9494 

+Z Wo + 27023 + 25624 + 26158 + 30694 

-Z. M +144651 +1113 27 + 77704 +82818 

e s — — — — — — — 

B +171670 +137160 +105860 +68512 



+BCD 4578,761,000-440,403,000ii-S69,887,000 +342,107,000 +529,495,000 

-129,066,000-102,570,000- 89,801,000 - 90,146,000 -173,354,000 

-B^E -456 ,956 ,000-302 ,449 .000-.197 .978 .000 -104,124,000 -108.852,000 

R (10^ x) -11.26 +85.38 +88.11 +147.84 +247.81 
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SUMMAST 07 ROUTE DI6CBINIVAVTS 



T deg. 

0 

-4.388 
-20.00 



5.2 



7.1 



(ELEMIV) 

-M1.97X10" -27.53x10® -16.76x10" 

-51.767x10° -3^.073x10* -19.322x10* 

-iig.iSxioP -64.51x10® -20.7i(xio® 



8.3 



11.0 



-2.32x10® -2,69x10* 
-3.IW6XIO® +4.865x10® 
+31.77x10® +72.01x10^ 



(CBUDSBX) 

0 .^.30,933x10® -72.589x10® -38.911X10® -14.93x10® -11.45x10® 

-4.388 -138.895x10® -77.212x10® -37.908x10® -4.290x10® 15.760x10® 

-20.00 -0.1,2611x10® +35.384x10® +82.105x10® +147.837x10° +247.309x10® 
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PORPOiaiNO CHARACTERISTICS 

Model no. 294-9 
Model bcalc - /20 



A( - AOPOO LBS 
Ip, - 1^13x10*^ SUUS FT* 

Cl— " 1.337 
rnfrl.l IN. rwD. OF MAIN rrep 

**''-ll 120 IN. ABOVE B.L. 



Experimental Towinb Tank 
Stevens Institute or Technoloby 

HOSOKEN, lll.J. 



Pitch dampino, lb ft bcc/rad 
■139 J070..332 -IgB .OBa J3BB .193 .Oaft >4il2 .281.110. w49e .246 .12^ J52 .278 .ISft ..OOB .303 .IBS JB2 331 .IBB, 



.738 368. 1 B4 
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IB 17 18 19 20 
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Figure I. - Stability limits and f ree-to-t r Im track for model used In Investigation, 
showing the graphical records of the porpoising cycles. The region for which the 
calculations were made Is enclosed by a neavy circle. 
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Figure 2. - The lower stability limit, at the speed investigated In the calculations, 
snowing required tall damping as a function of trim angle, with the graphical 
records of the porpoising cycles. This Is a more detailed Investigation of the 
region inclosed by a circle in figure I. 
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Trim angle, deg 

Tlgare 3— Steady-motion test data Mo- 
del Vo. 2M-9.7jit " 15.89 f^a 
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Direction of motion, ▼ 




JLPPIKDIX 



ShlB appendix presentB additional ateady-aotlon test 
data for higher trim anglae at the original apeed and for 
a higher apeed. 

She data vere o'btalned after the vork deaorl'bed In 
the body of the report had been ooapletedi and with 'the 
expectation of extending the number of comparlaone hetveen 
experiment and theory, particularly for trim angles In the 
Tlolnlty of the upper limit. This plan vaa abandoned vhen 
It vas found that the sharp curvatures in the moment ourvesf 
occurring at trim angles In the region of upper-limit por- 
poising, made it extremely difficult to deduce aeeurate 
values for the dlsplaoement derlTatlvee In this region. 
If the displacement derlvatlres vere Inaccurately defined, 
it vas obvious that the velocity derivatives depending on 
them would be Inaccurate also and that the final values of 
South' s discriminant would certainly be open to question. 
Thus it appeared that reliable oomparlsens between experi- 
ment and theory would be difficult to obtain. The data 
are presented in toto (figs. 8 to 19), however, so that 
any one desiring to do so may carry through the oaleulatlona. 
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Figure 9.- Model 294-9, steady- 
state characteristics 
equilibrium for assumed aerody- 
namic characteristics, Vm = 15.89 
fps, HgSl. 
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Trim angle, deg 

Tlgure 15.- liodal 294-9, steady-state characterlatlcst 

equlllbrixm for asBumed aerodynanlo tfharaetar^ 
IstlCB.Vgi B 81.18 fpB. HgSO. 



MACA 



IB. 19 





10 



HEME , INCHES 



14 



Figure 18.- 
. Steady Motion Test Data . 
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